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A profraa of aw>aaur*a»nta on not*» outpMt   it rnflux local oaelilr.tor«, particularly 
tti« ?2?A/B and «33, waa undartakan to «r; to dataiwlaa too lepertaaca of «hit 
faater 1B raoalvar daatgn      Ccnaldarl.ix tha two aolae atdatanda aaoh ? 8 a*/aao wldo 
odd locatad 30 Bo/ooo aw«/ fro» tho aalt: ijtput, «■ found «In povara ranging froa 
2 2 feo 9.8 « 10 1* watt a eonlng out of 7.T?A/B'e loaded for optlaua output.    Aajaaatrloal 
bahartor of tha aoloo with alaotroalo tuning vaa lnraatlfatad and found to raqulra 
tno an* thaory praaaatad la t><« •oapaulon report nuabor 873 by -    t, lalpp.    Soao 
naaauraaanto of th* Individual aolaa aldaband* tud of tha aolo« output at a fuaatloa 
cf load war« found to b* In aatlafaotory arra--aa<.l «1th thaoijr- 

J    ■-   «-  Kupar 
N.   0.  halts 

Apprawad hy; 

'.«a("ar. Oroup/63 

Tltla f*ga 
It ataharad pa*aa ''■«ad,   "H vial an 8 



- 

ttusnanuM td 2 

Although it has been known for «bout t:.r«e year«   tbnt loaal oselllator« oaa 
ecntrlbute arvreoleble nolle In alcro—rre muirtn,  th« experlaeatal data hawa 
been rather sannty.    In via» ef the faat tfcat the trend to higher radio freaaeaele« 
•nd the steady laprovarsnt  la eonwerter« bot.   tr:<" to vanity tba laporinnoo of this 
■ouroa of noise,  lt was deoldad to undertake a aeaenrsaert progrna covering partlau~ 
isrly tba refle   Taloolty variation tobt» used at X aad K band«     Tba raoaat Intro- 
duction of balinoad airers whlob ellalaate «MB nolse ha« greatly reduced the prac- 
tical laportanee of this work, bet nevertheless It any ba ef Interest for tha light 
lt afford« «n tha behavior of r-.flex oscillator«.     It was Intend«*. •- «tudy tba 
noise out pot of a group of tuber ander reproducible conditions,  to «t tempt to da» er 
alna the effeoti of different t-.be design«, a« v«ll HI to obtain aaaarloal Inforan 
tloa for the aaa of tba o«t designer.    kith tbls in Bind aanaoraaanto with t-f*■ of 
30, 60 aad 90 an ware aada first M a group of 723A/1I tuba« and later on ion« assorted 
f-baad oscillator«, 

While the ae" er reaeat s war» In progre»", a paper by Pierce3 appeared aad we 
riereted considerable effort to .itteapt« to verify hi« eeleuletloa«.    Oar oonelaalor 
wn« that hi« theory au'sartd to predict correctly the effects of ohaaga« In tuba 
design or load oo.idltlon« on aH««j at the canter of tha electrical tuning range, 
but thet lt was Incapable -f nooonntln^ for tha Isrge variations we found with elec 
trloal tuning     At this «tage *>r.  «nlpr 'totted on a acre oonplate theory «at forth 
In a eoapanioa paper3 whlofc seen« capable 9* aooouatlng fully for tha observations 

Pleree's theory eonsldered thre»' aecV.nlea« by which r.ols« eould be intreduoed 
to the 1-f: l) the "high frequency nolle", thought of a« «net (and Interception) 
noise la the baas aoupl»,.' out through the e vlty, 2) "low frequency noise* due to 
hapHtude aodul.-.tion of tha oscillator by nolss ooaponant« is the been at l-f, aad 
3) frequency aodulatioa due to fluctuations (near 1-f) la phase of the returning 
electrons. *J*perla*ntally lt toe», that with adeeunte JutBaaalaa4 of the lead« to 
the osolllator tuba secrAnlsat 2) aad 3) are relatively unlaportant- 

Aslde fron difference« to approach, Xnlpp's theory Is en extension ef Plaroe'« 
o'nslderatlon of the Mr'; freouency noise. 1) la which he take« aooouat a) of the 
coherence between the first aad 'lesond passage of the aleetrono through tha gapi aad 
b."   ef noise due te ais^rg  if va-'.oua mspoaent« in the bsaa with baraonios of the 
oscillator current.    The 3oh*ra-ioe a)  lntrotaoe« a strong variation with eleotrleal 
tuning In accord with our results.     In aost of our experlaaats nr»e«; due to the two 
sidebands, correr«nllng to "slcaal" «Jaf "lange" la ordlaary cuparhaterodyie raoep» 
tloa, was Bee sored without any at teart   if selection      In talpp's theory, on the other 
hand,   the two bands are oalc-i'.ied separately and than suaaad for ooaparison with 
esperiaaat.    The contributions ere 1B gen-rsl not equal 

1.    Sherwood aad Ola* tor.,  Sperry Oyreeoo^e Co. Sepert B620-107 
»aoV, Bell Tslephoae labs «»port *JI-42-13f - 66 
noaah. Staadard Telgphoaes end "«bles Co. leport 2266 (0)  -   (MUH) 
3eers. Bedlatloa l*b Report 61-22 

3.    Pierce. Bell T-lephone labs H*pert W.-4V-140-4 
3.    Valpr, Bedl-ttloa Lab »«port 67» 
4-    The tapertanee of good bypassing aaa scarce-y be overestlaated      Lank of It 

3<-uld Introduce aotonlehlag aaeuats of noise In eoae elreuastanoe« 
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Hotuua o« Moasursment 

In "lost of the prior work on oscillator noise the measurements wora aada 
using e> resonant cavity filter to rerove the noise sidebands fro« (ha oeolllator 
output.    In tha präsent vsrk this scheme wts avoided at we desired to praeent a 
non-reaotlre load tc Wtt the mixer and the oscillator under teit.    Instead the 
"temperature" of tha crystal «at Mir -ed for vnrlaue conditions using tha eet- 
up shown In Pig.  1,   In whloh tho output due to orystrl noise was compared with 
the nolee from a resistor of equivalent l-f Impedance. 

We hare the familiar relation for noise figure (In tines) of a receiver 

r-'o + 'ip-1 

where P la tha overall nol^e figure. T    end 0    tha ■temperature" and conversion 
gain of the crystal, awl T      the noise figure of tha 1-f amplifier.    If addi- 
tional noise power fron the Vo.?2 oscillator Tmr (In watts for tha bandwidth B) 
Is fed to the lmmt we have •IX 

Ss 
km Sut'n:1 

■  V *rZT - 1 

the effects of oscillator-nolso. 

Is an r.p-mrant crystal "tenperature"  lnaludlng 

tent. 

lat P_ be  .he local OKOlllator paver fed to the crystal and P /P tha"nolse/ 
signal" ratio (noise output power In a hand 3 over oscillator output) for the 
osolllator.    Vo hare P^. »  (P-/1) Pj.     I' we mansura T« under standard conditions. 
say 0.5 ua crystal current, P_ will vary roughly as I/O, and to a flret approx- 
laatloa T ' - I    Is pro-ortlonal   to the lecal oscillate* noise ratio P„/P and not 
dependent on the propert'os of the crystal used. 

Throughout the X-bond aaaauraaenta we used one crystal whloh had 0   ■ -7 db 
and f   ■ 1.?,  and a coupling was always adjusted to give a rectified current of 
0.5 «a.    Tha oryetnl parameters were frequently checked and remained quite cone 

Aa indicated in Fig. 1,   the measuring set consisted of three preamplifiers 
tuned to 30, 60 and 90 aa«  and a main amplifier .ibout Mai wide tuned to 30 mo 
whlon incorporated an 1-f attenuator and power output meter.     In the case of the 
60 and 90 me preamplifiers a second conversion to 30 mo was employed. 

Coupling between tie -llxer and preamplifier was by a coaxial line transformer 
eo arranged that ■' lftl-^j i-f involved only ohanglng two anbles, and did not 
affect the crystal properties.    A nolie diode was mountoc em the mixer so that 
P.- oould be measured In t:.e three cases. 

The tube was mounted on a section S/8" * I 1/4"   (outside) waveguide with tha 
antenna located centrally in the guide.    A choke plunger In tha end of the guide 
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adjueted for aaoh tab» to o'tpln «art— output, A taper was employed to rodle« »• 
t* ■ 1* «uld* aad a otaadard flap attenuator oerred «.o adjust crystal ourraat. The 
oryatal holder mo of eoaveatlftael  du»  <n 

Thle ploahlag wao need for «oat of th» aaaouroi'aats reported bmrm aad alaUar 
*rraagaaMate war« »aploy*d at K-baad.     To j •nit separation of tbo aoloe otda bände 
In oaa experlaaat it «at aodlfl«d by th» Introduction of a flltar eerily oa a V 
eorumetioa between th» md pad the oryetal to r»J#c* oaa a"»poa«ut at will.    la 
this oata It would h. ro be«n »•'»> !• to avoid oh»ng-.i la oryatal gain and if 
iMpadaaoa by additional poking botwaon th« oryatal and '• • T but tha loaal oaolllator 
powar waa aot auffielest to paratt thla 

Tha flrat naesurem«nts war» a «art «a of r,oi\trel« \-< establish tha validity of 
tha eohaaa.     In thaoa tha output powar cf tha 733A/B waa varied la s*ae sanaer not 
likaly to affaot tha no it« output Bater-'tlly.   aa.. by ohaaglng tha reeonator voltage, 
tha attanoMloa waa raadjuatad to give tiut ease ory-itaJ  auriont, aad P aad *»' were 
obeerved at tha three 1-f'a.     Vaea Ta*   for tha aaatar of tha electrical tuning raage 
la a given anda (which wa haTa oallad ti a "head oa" ooudltloa) la plottad agalaet 
1/P th« r«sult lo a otralght 11a« for aaoh 1-f.    Thlo 11a« If prodaood would later- 
taot th« ordlaato azla at a oonataat value for *.,,  la ngreea«at with tha «aloe 1-2 
.-•»lonely dat«ralaad     A typloal plot of thla aort la shows aa *lg.  3« 

It w«a noticed at onoa tiiat If tt<a power «atpat of tha oaolllator waa varied 
oy alaotrleal  tuning that tha plots ooold no lenb*ar be produced baok to th« ooaaon 
intercept, es Indicated by th« dotted line« la tig. 3.    Als- there «as a atroag 
dapaadeaee oa tha dlreotloa of electrical tun In»,  Sacraaalaf fraoueao/ giving »a- 
craaaad nolae. 

Daflalta aayaua'.ry la uola« output as a function of eleotrlcal toning had beaa 
observed bafere (of.  carves la Sacra'   rwtert) but «as apparently ascribed to a pe- 
culiarity of th« r-f properties of the al*»r and aora or lass Ignored.    la our act- 
.   rleante ao high q aleaaata war« pr*tsnt acd th« csyaratry was so proulaeut It 
eould aot ba passed ov-r. partly becaesa wa had th« tuba tightly oo'iplad te the 
wave guide. 

'or convenience w» aade :ur a»asarej«nta gan-rally In tare« conditions«  tuaad 
■lead oa" aad detuaed by varlatloa of reflootor volt^e to the two lialf-pewer polata 
designated «a *f high" f-nd "| lew").    It waa aoo» fouad that the ratio of tha aolee 

outpute at th« two helf-pr-ver points,  the 'high/low ratio",   varied free tab» to tube 
aad ala« depaadad oa aada need aad 1-f fer a given tube-     la ?*hla I »a tlluotrate 
tha daba obtalaed oa oaa ??ZA/Z at  t/ra« i-f s aa<i for flea rafleotor aodos.  together 
with tha power output aad eleetrloal tuning rang« between half power polata 

Aa Bight b* expected th« noise decreases rapidly whea tie 1-f la ralaed      Xada«d 
th« decrease 1B aolee Is ee snxked that act auch lay irt.uxac Bead be attached to th» 
90 a« data, ae tha «x; «rlaaatrl error au«t ba considerable      It  should be aeetloaed 
that at the half power palate He) eoupllag wae doublad (to heap th« cryetal ourraat 
constant)  aad therefore If uolse output nlftae le sf interact f '  - T    for the half 
power palate should be die!led by 2 
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The r*«ulte for f-e "45 volt" mod* o>-?-e-r lo«a startling whan one take« into 
•eooont the nrUUsti la power ontpot     I» th« law«? half of tho table «• «1M« the 

• • power U aalte of lO"1* watte oonrutad fro« th« relation Fit     . t    P   KD, 
■lag * - »2*1. U4 a bandvidt\ of 2.1 we- ft * 

Tbne the fVgore« for PB r«pr««eat tha actual aolao powar ooalag eat of the tnfce 
in the two 2-6 ae »14* baade located eyaeetrloall» eboat tha freeaoaay of oeolUetlea 
at a distance equal to tho l-f for the varlou« ooadltloa« Hated.    iMh figure 1* 
tha as» of th« power la the two eldebead*. whloh a« wo «kail aa« lator. are la general 
aot equal.    It wait be reweab»red that   at the jr i'<w point« the aotoe/elgnal ratio 
hi/      will b« poorer alne« the useful powar P will be decreased by a factor of 2 

Apart fro» the 46 volt aode there neen« to be a regclar tread downward la aolao 
power ao tho tranalt rngl« 1» Increased.   Becaaae ol tho »err low power obtalnad la 
the 4S reit aode it wae not possible to   is« adequate padding between the oaolllator 
and crystal ao reeults for this mode any be la error do« to resonance effeata 
&1eo la tho 46 Tolt aode th« alootrona v fr.eU.it» close to the refleotor wi' the fooae- 
lag aar bo badly opaot. 

»craally we flad that tna "hlgh/lov ratio" 1« creator thaa unity bat la the oaae 
of tha 46 wit aode at 90 ao l-f w» find a ratio of oaly . 66      Thla aaoaalooa be- 
havior waa «oeaoloaally foanA In other tnhee at both X    ad X baade and ha« boon ro 
ported by 8. i. Millar of B.T.l,    Kalpo1a theory prodlot« these ratio« la ease« of 
oxtreaely light loading «uoh a« would be found   hare at the 46 rait aode whoa the 
loading waa correctly adjnated for the 160 reit aode. 

la Table He wa ■oawarl«e reaolte obtained for a rerreseatetlve group of 723a/B 
tub««, all In the "106 volt" refl-ator 1.0(1 and with t 30 as l-f.    *aloaa of Ta"    Ta 
are gl*ea for the "head on" icadltloa and at t-« two half power potat«, In ooloaaa 
three to fir«.    Colaaa all gives »*•« high/low r-tlo and ««v«n the powar output la 
allllwatt«.    lart wo hare I0. the useful ourr«it, wi.lah aakea a aeooad trip thronen 
tho sx1  nfter reflection, whloh waa eetlaated froa the obaarwed oathode ourr«at  Ig. 
(oolaan 9).    la the tenth ooluaa wa give th« *l*ctr'cel tuning ran«« between half 
power polnte. and In tha laat the arloe power Fm for the haad oa ooadltloa oonpwted 
aa before. 

Th« tab«« reported her« w«r« «eleaVed to represent the wldeat varlatloao la 
overall perforaano» that we oonld flad la oar «took, exoludlng those whloh war« ob 
vloualr reject«      Tho eetlaate of Xc wa« ferae! frea obaerratloa« a) of th« oathode 
aad r>fleetor current whoa th« reflector waa poaltlre and o»lleottng all «leotroa« 
which amde one trip throach th« cavity and b) of the oathode oarroat with negativ« 
reflector.     Ignoring of foot« of iKi-y-lm (which 1« aar«l7 a queetloueble proeodar«) 
we ooal4 ooapute trenaparene?«• of the three grid« (*- end 6g are «toiler)      Thoao 
turned oat to be In quit« g-•     egrceueat with the option1 tran«paranalee. whloh le 
oar only Juttlfloatlna fcr aeglectlag the aeemdarlea.    "»th theie data the oarroat 
whloh waa reflected aad cade a «aoond trip through 9j could be e«tla*t«d-    Obvloaely 
only thl« oarroat ooaate for pew or production,   although nol«o and baaa loading caa. 
of oar««, b« ooatrlbated by the current »hloh gate peat 2* •■ **• ,lr■* trlP     Ia 

aaay oaee« oparatloa at poaltlre reflector liberated ©ouaiderable ga«.   oo all tobe« 
war« pat throogh a «altablw «g'ag befor« aeae?ree>ont ■ were aado. 

■• riad that «It rough power output varied ever a rang« of alaoet 2>1 and electrtoal 
taaiag varied ovar a range of «Vat 3 6:1, tho aolao at head on varied eboat 4'1 
6e fer we heve not foojefl any direct aorxelatloa v-etweon aolee ontpat and any of th« 
«liver -laetltle« raoordod 
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la Table Ilk «• five elallar data (oattMng *■'■*   -urrnnt t•«eure»«nt«)   for 
koee K-band tube«, aostly 232'■ with a cupl* of A022A1 a shown for eoaparlaea al- 
though Nay are new oboolote.    Tbna vere ati«ur#.ü with 30 ac 1-f aad la a raflaetor 
Iveltage -ode occurring aaar ST"> volt«.    It It net at all certain that w« war« aalag 
{the saae drift angle In all etui»    1« thla eata the urrstnl bad a conversion lota of 
|e..'- db and a aolaa teqperattua of 2. 

Ao la only to b« as?.-et ad, IM aolaa It Inoraa a* tlnoe tha ratio of 1-f to 
r-f la anallar and a large lncreaea la Q of the oaolllntcr la Tory «allkaljr.    If w« 
eoaput» tha nolaa to elgnal ratio. Pa/', for th» case of 3.5 ac b&aavldth at 30 aa 
If (two «Id-band«) wa flad m aY»r«g* of 5.1 ■ 10"ie    t 5 band contrasted with 3.33 
«10-10 at X. CeacUerla* o.ilj   Mai ratio of 1-f to r-f la tha two oaaai ona would ax- 
poet a larger different*.    The lapller-l!on It that tha londad 0. of tha Ä33 tuba la 
eoaawhat high« than th«t of tha 723A1», and thla la boras out to sena extent by tha 
faot that tha alaetrloal tun'ng rxa-c ".« only «Sightly greater *t X-band.    la aay 
«rant  there la no raal >>-,§!« for the gen-r J, lor-ra«si>>n that X-band tubaa ar« "aalay". 

It ehould be polntod out th».t In eaaaa whara «.irXed alaetrloal tuning hyataroolo 
waa preaont tha aolaa we« <?-•*. tly laoreaind,    Thla aay wall ba due to a eoablaatlon of 
•ffect« auch aa henry relative loada aad raltlpla traneita.    SeOAuae of the front 
difficult lea doe to lnatablllty ao quantitative work lu Mie hyataratla reglnn was 
-tteapted. 

Maaauraaaate aada ea a 723A/B vlth a rejection fllt»r to ellaluatc ona «Ida- 
band are praaaatad In Tigs.   3 ud 4 for 30 aad SO no 1-f rnopectlTely.    The filter 
need waa of o-urss net perfect and aa aaplrlaal correction v*o used to allow for tha 
'leakage' th'.t föt prst It.    The validity of thla procedure It ■hove by tha faot that 
t! ■• aeaaured curve ttr both «ide-and« cgrsas quite wall with the BUB of the two separat •<! 
•ldebfloda.    Palata ware tnkan with tha electrical tuning 'head ea" and detuned to tha 
3/4, 1/2 and 1/4 power point« en each aid«.    Seta that at head ea, the two aldebaada 
are by no aaana synnetrloal.    Thla at first aide u« think we had ehoaea the eentor of 
the aode lnoorraetly, until we lauraal that Xnlpp predated Juet thla offeet. 

The vertical broken lino« represent the llulte of otoUlat'.oa.    "a ware unable 
to aoke good aaaauraaaata auch bolow the 1/4 power petal*,   ao we here akatehed la 
Ih« .--«t of the curve« ea predicted by Xulpp's th»evy.    "a sea now that the high-lew 
ratio la principally due to the behavior ef the lew frequency aldehand. 

The effaot of lead variation« on the ail«« output nf a 723*/» 1« «hown In Tig. 5, 
which la aa admittance plot with the r.lann ef reference at tb» grid« ef th> tube8. 
Thla waa taken at 30 ao 1-f, aad the nldsbi-ndi were not «rr«rated.    The reflaetor 
voltage wa« «at at the oentar ef the aed« at Hatched load.    Tha aaabara give nolaa 
power la arbitrary unit«.    Aa alght ba ear:-»etad  fei- ao'.*s 1« least for light loada aad 
taereaae« to vary high valve« aa»r the «Ink. 

Rote th*t the aolae ooiteara lo not  foils-; the oouductaaee line« exactly, but 
that the tube 1« acre noley fer Inductive lead«.    Thl« le a c neerceaoe ef tha long 
line effect   >lu« the fait t'at the tvr   aldebands sortai-« different aaeuats of nel«e 
power,    for each pelnt OR the dlagraa r. r»petting a partlealar ler.d adatttnaoe wa 
oc««rv«d the power due t-> two sideband.«,    "eeeuae Ike toad wa« not really at the gr**» 
tut wa« aotually several v. velergth« »way,   the lead« «a«»a by Via two «idehaado 30 aa 
above aad balev the ea'rr fre saajsff  MM appreciably different.    Taking thl« effect 
late aeoouat and aalag Xalpr* a --u-re» fer th# power It the tve «Idebaad« a« a fuaetlea 

5.    Tor a dlsoeaalor. if the aethod ef r«pree«at'ttou *e« M, a«ajof| *o. 
lead Effect« c« tefl-r nialHater« 

717.    Ictea «a 
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FIGURE 5    NOISE   OUTPUT OF A   723 A/B  AS A FUNCTION OF 
LOAD   ADMITTANCE.   IF 30Mc, BOTH   SIDEBANDS 
NUMBERS ARE % MAX  POWER M%-Tc)WHERE 
(Ttf-TC) ARE IN TEMP UNITS    THE CROSS INDICATES 
THE MAXIMUM POWER POINT 
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nf load oonductaaee w« cnütS ecernU th« theoretleal dln^re» ahown la /If 6 thlt 
It drawn for a hypothetical tut««. The aeala egala la In arbitrary unite lot« the 
■troaf r«s«*hlnaoe In the ehnpe of th» eontaur« to thoie found «XPerlaeatnlly. 

VuamtVan 

Th« rather high «nluaa ahown la Tasl«» I and II under Pa, ranging upward of 10'xi 

watte,  ehould not tui« unda« H!«» alnoa It aaat b« r«a««b«r«d thnt la oparatlag 
receiver* th«r« «111 a« several factor« reducing tha aaouat of tMi nolaa ranching 
th« r«e«tver Incut.    Xa th« firat place, th« decoupling e«ed to adjuat th« exolta- 
:i  n for the alx«r will op«rwt« oa th« aolee sideband« nlao, and ordinarily to th« 
aaae extent 

Saornd, «nay converter« hnv« « tuned circuit la th« Incut (e.g. a tunable TB box) 
which profoundly effects reault«     If th« <l la sufficiently high, aad the Vox 1« tua«d 
for etgnalo, leeal onolllator fr«qu*no« and lr»g« freouenoy «111 ha raflootad «all 
If tha phaae of tha reflected loenl oselllntor voltere. 1« right to add to tha dlr«ot 
wave at tha eryatal It will ha possible to Aeooupls by 6 dh «or« than If looal eeallln 
tor la fad In through A aatchsd 11a« aa la th«aa »xperl»«at«      It tha «au tlna oaa 
aolae sldrbnad (that at laege frequency) will ha similarly r«laforo«d-    Tha «ldahaad 
at signal fr«qa«ney will h« trana«ltt«d through the TR,  leering only th« dlr«ot «a«« 
ao there will he a net redaction la nolte power converted      'he eaount of thle 1« 
pro»«Rent oaa readily he oonputed for any ap«elflo oaa«      The reault« depend atrongly 
oa th« pareaetera eUoaen. hut redaction« of 86 to 50)6 ,«j-« ooaaon.     *t la perhepa 
lnter«atlng to note thnt the oo«aon practice of patting th« looal oeoUlator oa the 
high freaaeaoy «ldc of the signal (*> that the low frequency sideband le reduood) 
tenda to nlnlnis« th« Increase In nolae flgnra with electrical tuning     «1th thl« 
«rrengeaent the aolae figure would he «lightly poorer at the center of the «ode hut 
would not decay nearly a« feat when electrical tuning toward higher fraoueaclas la 
required 

Third, the load M by th« naollletor ltaelf any not be aa heavy a« we uaad 
OeolUntcre era often oaderlOnded for I he nah« of «enuring «ore unlforn output oror 
a wide tuning mag»».    *ro« »tg   S w« aee that cooperatively eaall change« la load 
whloh would not «eterlally affect the ucwev output «ay «eke ooaalderable dlffereneoa 
la the aola«' 

J   |   ■   Iuper 
«. C   Walt» 
October SOt 1946 
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from the main output, noise powers ranging from 2.2 to 9.8 x 10"12 watts coming out of 723A/B's 
were found when loaded for optimum output.   Asymmetrical  behavior of the noise with 
electronic tuning was investigated and found to require the new theory presented in the report 
to follow. Some measurements of the individual noise sidebands and of the noise output as a 
function of load were found to be in satisfactory agreejnent with theory. 
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